ABSTRACT The S region of the mouse H-2 complex is genetically defined by a series of alleles, or pseudoalleles, which control the level of a serum globulin, Ss, and of its allotypic variant, Slp. In contrast with the products of other genes in the complex, no homologue of the Ss protein has been found in other species, except the rat. In the present study, a component in human plasma was identifiedwhich cross-reacts with anti-mouse Ss, and which also displays electrophoretic and size similarities to the mouse Ss protein. This component was isolated and characterized immunochemical ly as the fourth component of human complement (C'4 or #1E globulin). Severa antisera monospecific for human C'4 cross-react with the mouse Ss protein and detect its genetically determined quantitative variations. The murine major histocompatibility complex (MHC), the H-2 complex, represents the most extensively studied segment of any mammalian chromosome. Many of the distinct products and functions governed by the H-2 complex in the mouse have been found to be controlled by a single circumscribed gene cluster in every species so far studied, suggesting a stringent evolutionary conservatism which has survived species divergence, at least from amphibia to man (1). The human HL-A and the murine H-2 complexes, though somewhat different in gene orders, display a marked similarity in composition. However, each complex includes loci for which no counterpart has yet been recognized in the other species. For instance, within the H-2 complex, approximately midway between the H-2K and the H-2D genes, which control transplantation antigens, is the Ss locus, which controls three as yet genetically inseparable polymorphisms involving the same serum ,B-globulin, the so-called Ss protein or serum substance (2-4). The traits concern a quantitative difference in the serum level of the Ss protein, presence or absence of a testosterone-dependent structural marker on the protein (Slp-sex-limited 
#1E globulin). Severa antisera monospecific for human C'4
cross-react with the mouse Ss protein and detect its genetically determined quantitative variations. The murine major histocompatibility complex (MHC), the H-2 complex, represents the most extensively studied segment of any mammalian chromosome. Many of the distinct products and functions governed by the H-2 complex in the mouse have been found to be controlled by a single circumscribed gene cluster in every species so far studied, suggesting a stringent evolutionary conservatism which has survived species divergence, at least from amphibia to man (1) . The human HL-A and the murine H-2 complexes, though somewhat different in gene orders, display a marked similarity in composition. However, each complex includes loci for which no counterpart has yet been recognized in the other species. For instance, within the H-2 complex, approximately midway between the H-2K and the H-2D genes, which control transplantation antigens, is the Ss locus, which controls three as yet genetically inseparable polymorphisms involving the same serum ,B-globulin, the so-called Ss protein or serum substance (2) (3) (4) . The traits concern a quantitative difference in the serum level of the Ss protein, presence or absence of a testosterone-dependent structural marker on the protein (Slp-sex-limited protein), and the quantitative expression of the Slp protein. In order to gain further insights into the evolutionary history of the MHC as well as the biological properties of the Ss protein, we undertook a search for the Ss homologue in human plasma.
MATERIALS AND METHODS Inbred strains of mice were from our own colony or from the Jackson Laboratory, Bar Harbor, Me. Blood was drawn from the retro-orbital sinus from animals aged [10] [11] [12] [13] [14] [15] Blood specimens from adult human donors were purchased from the blood bank at the University of Michigan Medical Center.
Double immunodiffusion tests were performed in 0.7% agarose gel (Bio-Rad Laboratories, Richmond, Calif.) containing 0.1 M sodium phosphate buffer, pH 8. Wells were 4 mm in diameter and spaced 7 mm apart. Four percent polyethylene glycol (average molecular weight 6000, 7500; J. T.
Baker, Phillipsburg, N.J.) was incorporated in gels testing heterologous reactions.
Agarose immunoelectrophoresis and single radial immunodiffusion were performed as outlined in previous publications (3, 4) .
Anti-mouse Ss sera were prepared as described by Shreffler (2). Antisera to human C'4 (fourth component of complement) were purchased, respectively, from Nordic Diagnostics, Tilburg, The Netherlands, prepared in goat; from Hyland, Costa Mesa, Calif., prepared in horse; and from Behring Diagnostics, Somerville, N.J., prepared in rabbit. All three antisera gave only a single line and reactions of identity with each other on immunodiffusion.
Disc gel electrophoresis in 7% polyacrylamide gels at pH 9.5 in 0.37 M Tris-glycine buffer was performed at room temperature for 1.5 hr at a current of 3 by Nash et al. (7) for the immunochemical measurement of heterologous antigens using homologous standards (Fig. 2) . Two identical radial immunodiffusion plates were prepared with anti-Ss serum but differed in that one contained human plasma and the other contained a corresponding volume of buffer (both in the absence of PEG). To control for artifactual differences in concentrations of anti-Ss antiserum in 16 hr, the diameters of the precipitation rings were measured. Linear regression lines were drawn, using ring diameters squared. In three separate experiments, the slope of the regression line for the reaction of anti-Ss antibodies with the homologous antigen was appreciably higher in the gel containing human serum than in its absence. Since the slopes of the control system (human Hb F:anti-human Hb F) were virtually identical for the two plates, the observed difference represents a quantitative absorption by human plasma of the cross-reacting anti-Ss antibodies. This reduction amounted to about 6%, calculated from the ratio of the slopes of the two regression lines (0.05 > P > 0.02, Student's t test comparing the difference of the two regression coefficients with its standard error).
Molecular similarities between the Ss protein and its human equivalent
To assess the degree of structural homology between the cross-reacting antigens, a number of physical parameters were compared. Immunoelectrophoresis in agar gel containing 4% PEG revealed very similar migration rates of the mouse and the human Ss. Both appeared as double-bowed precipitin lines in the # and fast 'y regions when sera were electrophoresed, and as single 6 arcs when EDTA plasmas were electrophoresed in agar gel containing 0.005 M EDTA.
Molecular sizes of the antigens were compared by gel filtration of human and mouse serum on the same column of Sephadex G-200. Initially, inconsistent results were obtained. Human sera from different donors consistently gave a single, slightly asymmetric peak of Ss activity, at a molecular weight of approximately 180,000. In contrast the mouse Ss protein, as already reported (6), segregates into two peaks on Sephadex G-200, the first eluting with the excluded volume (molecular weight greater than 200,000), the second at a molecular weight of approximately 180,000. On the assumption that this heterogeneity of Ss molecules in the mouse serum could be secondary to complement activation, the experiment was repeated with mouse plasma collected in presence of 0.005 M EDTA. Under these conditions, the Ss proteins of both mouse and human plasma exhibited very similar gel filtration behavior (Fig. 3) .
By submitting purified preparations of human and mouse Ss to a two-step polyacrylamide gel immunoelectrophoresis, it was found that the proteins display very similar charge and size characteristics. Characterization of the human Ss protein as C'4 During purification of the Ss protein from human plasma, it became apparent that the reactivity with anti-Ss serum coincided with the presence of the 31E globulin. Reactions with anti-Ss and several antisera to human C'4 remained inseparable after a series of fractionation procedures, including (Fig. 4) . Detection of mouse Ss polymorphism with anti-human C'4 The characterization of human Ss as C'4 prompted us to assay the anti-human C'4 antisera for cross-reactivity with mouse Ss. A rabbit anti-human serum C'4 and the rabbit anti-mouse Ss serum, reacting with mouse plasma, gave a continuous precipitin band in agarose gel containing 4% PEG and 0.005 M EDTA (Fig. 5) . Under the same conditions, a pattern of partial identity also developed between anti-C'4 and anti-Slp serum.
The cross-reactivity of anti-human C'4 with mouse Ss protein is further evidence for the homology of the mouse and human Ss proteins.
As seen in Fig. 6 , a rabbit anti-human C'4 serum discriminates very precisely the quantitative differences in Ss levels in the sera of a number of inbred mouse strains, including congenic strain pairs differing in the S region only. A correlation coefficient of 0.99 (P << 10-3) was calculated for the comparison between the squared diameters of precipitin rings in a radial immunodiffusion plate containing rabbit anti-human C'4 and those in a plate containing anti-mouse Ss. Similar results were obtained with an anti-human C'4 produced in a horse. The high correlation coefficient represents a further proof of the reactivity of the two antisera with the same protein.
DISCUSSION
The results presented establish rather conclusively that the serum component described in the mouse by Shreffler and Owen in 1963 (2) (9) . Likewise Hansen et al. (10) showed a direct involvement of Ss protein in complement activity. M. and J. Goldman have recently measured the hemolytic activity of individual complement components in a number of mouse strains and have shown that the levels of G'1, C'2, and C'4 activities are correspondingly lower in Ss-low than in Ss-high strains (11) . These findings are all consistent with the immunochemical identification of Ss and C'4 reported here. Frank et al. showed that in C'4-deficient guinea pigs the serum titers of other complement components were normal, with the exception of a consistently lower level of C'2 and an erratic reduction of G'1 (12) . Similar findings were reported by Hauptmann in a C'4-deficient patient (13) , suggesting some coordinate mechanism of regulation for the serum concentration of the early complement components C'1, C'2, and C'4.
The remarkable correspondence among the diverse loci comprising the MHC's of various species, especially for the H-2 and HL-A complexes, the evidence that the C'4-deficient gene in the guinea pig is closely linked to the MHC of that species (E. Shevach, personal communication), and the evidence for Ss-C'4 correspondence reported here, all lead to the prediction that the HL-A complex likewise plays a role in the genetic control of human C'4. Provided that this generalization holds, a pattern of functional organization of some of the loci controlling complement proteins may be emerging. In addition to the MHCcomplement associations noted above, a locus controlling C'2 deficiency has been found to be closely linked to HL-A (14) . The polymorphism of GBG (glycine-rich beta-glycoprotein), whose major cleavage product is properd1in factor B of the alternate pathway for complement activation (16) , reflects structural alleles for a GBG subunit controlled by a locus (Bf) only six recombination units from HL-A (17) . It is noteworthy that both properdin factor B and the C4-C2 complex are endowed with enzymatic activity for the same substrate, the C'3 component, and both mediate cleavage of that component to form factor C'3b and C3 anaphylatoxin (16) . The interaction of the C'4 and C'2 molecules in this G'3 convertase activity apparently requires specific structural sites on each molecule. Coadaptive evolution seems to have preserved their interaction, compensating for mutational divergences during speciation. Incompatibility between heterologous C'4 and C'2 proteins results in a defective or totally inefficient complex termed "counterfeit convertase" (18) . Structural studies may reveal the coincident control of G'4 and G'2 by the MHC to be more than accidental. It could reflect a common evolutionary origin by gene duplication, a shared MHC-controlled polypeptide subunit in both proteins, a common regulatory mechanism, Genetics: Meo et al. 100 or possibly a selective requirement for maintenance of coadapted pairs of alleles at structural loci for the two proteins. 
